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Two mitochondrial populations with cytochrome c oxidar activity, and densities
of 1.07 and 1.08 g/ml have been separated by means of a dextran-sucrose gradient. The
highest enzymatic specific activity appeared in the 1.07 g/ml band. The mitochondria
assayed by their in vivo cycloheximide resistant leucine incorporation appeared at the
1.08 g/ml density band of the gradient. Some amount of activity of cytochrome
c oxidase, and leucine incorporation appeared at the bottom of the gradient. The cyto
chrome spectra in liquid nitrogen of each band showed different proportion of cy-
tochrome(s) a, b and c. The highest ratio of cytochrome a and cytochrome b in respect
to citochrome c appeared in the 1.08 g/ml band.

The isolation of different mitochondrial
populations has been repeatedly described
(3, 6, 7, 10, 11, 13) specially from rat liver
where two populations have been separated
by means of sucrose gradients (9-11). Dif
ferent mitochondrial populations from
yeast have also been separated in sucrose
gradients (1, 7) but mitochondrial hetero
geneity in fungi has been less studied than
in animal cells. Isotonic gradient generated
by macromolecules such as Ficoll or Dex
tran T 40 and isoosmotic D2O gradients
have been also used to study this mito
chondrial heterogeneity (8, 16-18).

The presence of at least two mitochon
drial populations in Aspergillus nidulans
has been previously described. Pulse chcse
experiments with 3H-glycerol suggested
the existence of a relationship between
this heterogeneity and different biogenetic
stages of the mitochondria (5).

This paper shows further evidences of
the occurrence of this heterogeneity as
characterized by enzymatic and cyto
chrome spectra as well as the existence
of a population which in vivo selectively
incorporates leucine by a cycloheximide
resistant process.
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Materials and Methods

Organism. The strain of Aspergillus
nidulans used in this work was the R-21
paba A„ yA2 (a p-amino benzoic acid
auxotrophic): kindly supplied to us by
Dr. Turner of the University of Bristol.
Conidia and mycellium were grown in the
medium previously described (12), with
glucose as the source of carbon. The strain
was cultured in 1,500 ml minimal medium
in a conical flask in an orbital incubator
(Gallenkamp) at 180 r.p.m. and at 37° C
for 20 hours. The media contained the
required auxotrophic supplements and the
concentration of conidia added was 10°/mI.

Preparation and fractionation of mito
chondria. Mitochondria were extracted
as described by Turner (19) and frac
tionation on a dextran-sucrose was carried
out as previously described (5).

Results

Isolation of mitochondrial populations.
Figure 1 a shows the distribution of the
cytochrome c oxidase activity obtained
when a crude mitochondrial pellet was
centrifuged in a dextran-sucrose gradient.
The enzymatic activity appeared in three
different positions along the gradient. The
h’ghest proportion of the activity was
present at the light side of the gradient.
The second peak was found sedimented at
middle density and, finally some activity
appeared at the bottom of the tube, on
the 1.7 M sucrose cushion.

The sedimentation of the light and
middle band occurred in fractions with a
refraction index of 1.368 + 0.003 and
1.375 + 0.003 corresponding to densities
of 1.07 and 1.08 g/ml respectively. Similar
results have been previously described (5).

Cytochrome c oxidase activity. Cyto
chrome c oxidase was tested by following
reoxidation of cytochrome c, reduced with
sodium dithionite, as previously described
by Turner (19). Results are expressed in
/zmol of cytochrome c oxidized X min-1.

Counting of radioactivity. 0.5 ml of
each gradient fraction were precipitated
with 0.5 ml of 20 % trichloroacetic acid,
filtered on Watman GF/C filters and
washed with 5 ml of 5 % trichloroacetic
acid. Dried samples were counted in 2 ml of
scintillation liquid (1,4-bis-2-(4-methyl-6-
phenyloxazolyl)-benzol 0.2 g; 2,5-diphenyl-
oxazole 10 g, toluene 2 1 and Triton
X-100 1 1) in a Packard Tri-Card mod.
2425 scintillation counter with a 63 %
efficiency.

Cytochrome spectra. Spectra of the
isolated mitochondrial populations were
examined at 180° C (in liquid N2) in a
split beam spectrophotometer (2) with a
slit of 0.15 mm. The cuvettes (path length,
2 mm) contained 0.6 ml of suspension.

fraction

Fig. 1. Centrifugation on a dextran-sucrose
gradient of Aspergillus nidulans mitochondria.
«) Cytochrome c oxidase activity expressed as
/xmol Xmin~‘ Xml'1 (•—®); Refraction index
(O----O); b) Cycloheximide resistant incorpora
tion of Tl-Ieucine expressed in c. p.m. X mr1,
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Effect of cycloheximide in the in vivo
incorporation of 3H-leucine in the mito
chondrial fractions. 20 hours mycelium
was grown for further 10 minutes in the
presence of 100 /zg/ml of cycloheximide.
Then 0.07 /zCi/ml of '‘H-leucine (specific
activity of 53 mCi/mmol) was added to
lhe mycelium and allowed to grow for
30 minutes with the isotope. After the
alotted time it was collected and washed
with the growth medium. Mitochondrial
fractions were prepared as described in
«methods» and sedimented in a dextran
sucrose gradient. It can be observed (fig
ure 1 b) that the highest incorporation
appeared at the band which sedimented
at the middle side of the gradient (refrac
tion index of 1,375).

Cytochrome spectra of isolated mito
chondria. Figure 2 a, b and c show the
low temperature spectra (dithionite re
duced minus oxidized) of the sedimenta
tion bands of a dextran-sucrose gradient.

wavelength (nm)

Fig. 2. Low temperature spectra (dithionite-
reduced minus oxidized) of mitochondria from

the three zones showed in figure 1.
a) Zone A; b) Zone B; c) Zone c.

Table I. Specific activities of cytochrome c
oxidase leucine incorporation, and cytochrome
a + cytochrome b/ cytochrome c ratio of the

different zones of figure 1.

Zone Density
g x m|-i

Cytochrome
c oxidase

pmolxmln-1
X mg->

3H-leucine
c.p.m. x

mg-'

Cyt. a +
Cyt. b/
Cyt. c

A 1.24 0.865 385.2 1.31
B 1.08 1.269 1,232.0 1.93
C 1.07 1.360 981.5 1.73

Cytochrome a. a3 was responsible for the
a-bands at 607 nm, cytochrome b was
resolved into two a-bands at 555 and
564 nm and the a-band of cytochrome c
was visible at 549.5 nm the /?-band of
cytochrome c was visible at 521 nm. The
remaining two bands were probably due
to cytochrome (s) b.

Quantification of the spectra was car
ried out by measuring the differences of
the optical densities between the maximun
of the a-bands and the base line traced
among the minimum at 630, 570 and
540 nm. Table I shows the ratio of cyto
chrome a and cytochrome b in respect to
the cytochrome c as well as the specific
enzymatic activities of cytochrome c oxi
dase and leucine incorporation of each
band. It can be observed that the highest
values for cytochrome c oxidase appeared
at the lightest band, whilst cytochrome
a 4- cytochrome b/ cytochrome c ratio and
leucine incorporation was higher at the
middle band.

Discussion

The in vivo cycloheximide resistant leu
cine incorporation was carried out in
order to find out whether any of the pop
ulations isolated on dextran-sucrose gra
dient was more active in their proper pro
tein synthesis. Several authors (14, 15,
20) have proven that at least part of the 
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cycloheximide resistant synthesis is due to
mitochondrial protein synthesis. Turner
(19) showed that the labelling appeared
preferentially in mitochondrial proteins.
The middle density mitochondria were
the most active in incorporating leucine
in the presence of cycloheximide. Similar
results were obtained with Hela cells
mitochondria (17).

The cytochrome spectra reported (fig. 2)
was similar to those obtained by Turner
and Rowlands (20) in Aspergillus nidu-
lands, although in our results cytochrome
b has only been resolved in two a-bands
(555 and 564 nm). A different proportion
of cytochrome a, b and c was observed
in the three populations. An increase in
the proportion of cytochrome b (564 nm
a-band) and cytochrome a (607 nm a-band)
is clearly visible in the middle band. An
approximate quantification of these re
sults is represented in table I, which shows
that the highest proportion of cytochrome
a 4-cytochrome b/ cytochrome c was pres
ent in the middle density mitochondria
and the smallest one appeared in tire light
population. Since it is usually assumed
that some subunits of the cytochrome a
and b are synthesized by mitochondrial
ribosomes and cytochrome c by cytoplas
mic ones (4), the cytochrome spectrum of
these middle density mitochondria (with
the highest cytochrome a + cytochrome
b/ cytochrome c ratio) is in agreement
with the suggestion that this population
is the most active one in mitochondrial
protein synthesis.

The nature of the band at the bottom
of the tube remains unknown to us. A simi
lar band with cytochrome c oxidase activ
ity which showed cycloheximide resistant
leucine incorporation, with high contam
ination of membranes, has also been
described by Storrie and Attardi (17).
We cannot discard the possibility that the
contamination in our results might be due
to membranes of disrupted mitochondria.
This may explain the high values found
in this band.

Resumen

Se han separado de A. nidulans en gradien-
te de dextrano-sacarosa dos poblaciones mito-
condriales con actividad citocromo c oxidasa,
de densidades 1,07 y 1,08 g/ml, apareciendo la
mayor actividad enzimdtica especifica en la
banda de 1,07 g/ml. Por el contrario, la banda
de 1,08 g/ml es la que incorpora in vivo leuci-
na en presencia de cicloheximida. Los espec-
tros de citocromos en nitrdgeno liquido de
cada banda muestran diferentes proporciones
de citocromo(s) a, b y c. La relation mayor
entre citocromo a y citocromo b respecto a
citocromo c aparece en la banda de 1,08 g/ml.
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